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Description 



SERIAL/PARALLEL DATA TRANSFORMER 
MODULE AND RELATED COMPUTER 
SYSTEM 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a serial/parallel data 
transformer such as a universal asynchronous receiver/ 
transmitter (UART), and more specifically, to a serial/ 
parallel data transformer module including a plurality of 
serial/parallel data transformers and a control unit capa- 
ble of controlling the serial/parallel data transformer 
module to selectively operate in different modes. 

[0003] 2. Description of the Prior Art 

[0004] Compared with synchronous parallel transmission, asyn- 
chronous serial transmission has advantages such as low 
cost, long transmission distance, and compactness in 
size. For instance, a UART is a kind of asynchronous se- 



rial/parallel data transformer including a microchip for 
controlling data transmission between a computer (or a 
processor) and serial devices connected to the computer 
(or the processor). More clearly, the functions provided by 
the UART to the computer is similar to data exchange 
function provided by data terminal equipment (DTE) such 
as RS-232 so that the computer can exchange data with a 
serial device such as a modem via a serial bus such as a 
universal serial bus (USB). 

[0005] please refer to Fig.l showing a block diagram of a con- 
ventional UART system 10. The UART system 10 includes 
a system bus 26 allowing parallel data transmission, a 
processor 20 electrically connected to the system bus 26 
for transmitting and receiving parallel data, a UART 22 for 
exchanging parallel data with serial data, a USB (or GSB, 
General Serial Bus)28 allowing serial data transmission, 
and a serial device 24 electrically connected to the USB 
(GSB)28 for transmitting and receiving serial data. 

[0006] The UART 22 includes six 8-bit registers 12 for storing 
control and status information, a baud rate generator 16 
for determining the baud rate between the processor 20 
and the serial device 24, a bus interface 14 electrically 
connected between the system bus 26 and the UART 22, 



and a transceiver 18 electrically connected to the serial 
device 24 for receiving and transmitting frame data. Gen- 
erally in the UART 22, the bus interface 14 utilizes eight 
parallel pins to access data within the processor 20 via the 
system bus 26, and the transceiver 18 utilizes two pins 
(RxD for input and TxD for output) to access data within 
the serial device 24 via the USB (GSB) 28. The frame data 
includes an initial bit (space, logic "0") and an ending bit 
(mark, logic "1") with the option to include a parity bit for 
error correction code (ECC). 
[0007] The UART 22 serves to transfer data between the proces- 
sor 20 and the serial device 24. In the case of data being 
transferred from the processor 20 to the serial device 24, 
the UART 22 transforms data transmitted in parallel by the 
processor 20 via the system bus 26 into the frame data by 
attaching an initial bit and an ending bit (and a parity bit if 
applicable) to the parallel data according to the control 
and status information stored in the register 12. The 
UART 22 then transmits the frame data to the serial device 
24 bit by bit via the USB (GSB) 28. In the case of data be- 
ing transferred from the serial device 24 to the processor 
20, the UART 22 transforms the frame data transmitted 
bit by bit by the serial device 24 via the USB (GSB) 28 into 



parallel data. The UART 22 then transmits the data in par- 
allel to the processor 20 via the system bus 26 by check- 
ing and then discarding the parity bit (if a parity bit is at- 
tached) and stripping both the initial bit and ending bit. 
[0008] | n recent years, one or more processors are generally in- 
stalled in a computer system in order to speed up data 
processing. Accordingly, two UARTs are installed in the 
computer system for data exchange between the two pro- 
cessors and other serial devices. However, the two pro- 
cessors in the computer system can only be respectively 
connected to the two UARTs to exchange data with each 
one single serial device. 
Summary of Invention 

[0009] it is therefore a primary objective of the present invention 
to provide a serial/parallel data transformer module in- 
cluding serial/parallel data transformers controlled by a 
control unit for data exchange between different proces- 
sors or between a processor and a serial device. 

[0010] Briefly summarized, a computer system includes a first 

processor, a first serial/parallel data transformer having a 
parallel port and a serial port, a second serial/parallel 
data transformer having a parallel port and a serial port, 
and a control unit. The control unit is for selectively con- 



necting in a electrical fashion the first processor to the 
parallel port of the first serial/parallel data transformer, 
the first processor to both the parallel port of the first se- 
rial/parallel data transformer and the parallel port of the 
second serial/parallel data transformer, or the first pro- 
cessor to the serial port of the first serial/parallel data 
transformer; and electrically connecting the serial port of 
the first serial/parallel data transformer to the serial port 
of the second serial/parallel data transformer. 

[0011] The present invention also provides a serial/parallel data 
transformer module which includes a first serial/parallel 
data transformer having a parallel port and a serial port, a 
second serial/parallel data transformer having a parallel 
port and a serial port, and a control unit for selectively 
connecting in an electrical fashion the parallel port of the 
first serial/parallel data transformer to the parallel port of 
the second serial/parallel data transformer or the serial 
port of the first serial/parallel data transformer to the se- 
rial port of the second serial/parallel data transformer. 

[0012] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 



ures and drawings. 
Brief Description of Drawings 



[0013] pig.l is a block diagram of a conventional UART system. 

[0014] pig. 2 is a block diagram of a UART module according to 
the present invention. 

[0015] pig. 3 illustrates a first state of a computer system includ- 
ing the UART ASIC according to the second embodiment 
of the present invention. 

[0016] Fig. 4 illustrates a second state of the computer system 
according to the second embodiment of the present in- 
vention. 

[0017] Fig. 5 illustrates a third state of the computer system ac- 
cording to the second embodiment of the present inven- 
tion. 

[0018] Fig. 6 illustrates the connection between the first proces- 
sor, the second processor, the first UART, and the second 
UART in the third state of the computer system shown in 
Fig. 5. 

[0019] Fig. 7 illustrates a fourth state of the computer system ac- 
cording to the second embodiment of the present inven- 
tion. 

[0020] Fig. 8 illustrates a state of a computer system according to 



the third embodiment of the present invention. 
Detailed Description 



[° 021 ] In addition to the UART (RS232 is a type of UART) men- 
tioned above, the serial/parallel data transformer further 
includes l 2 C (inter-IC), USB (Universal Serial Bus), SPI 
(Serial Peripheral Interface), SSP (Synchronous Serial Proto- 
col), Microwire and l 2 S (Inter IC Sound)etc. I 2 C is con- 
nected between two ICs to transmit data between them via 
two bilateral (transmitting and receiving) transmission 
lines (serial data line SDA and serial clock line SCL). 

[0022] jhe serial/parallel data transformer module according to 
the present invention includes at least two identical serial/ 
parallel data transformers. Since the data transformation 
of l 2 C,USB, SPI, SSP, Microwire and l 2 S are similar to that of 
UART, only the UART is described in the following de- 
scription example. 

[0023] please refer to Fig. 2 showing a block diagram of a UART 
module 30 according to the present invention. The UART 
module 30 can be an application specific integrated circuit 
(ASIC); that is, all the devices within the UART module 30 
are integrated in the ASIC. The UART ASIC 30 includes a 
first UART 32, a second UART 34, and a control unit 36 
for controlling the connection between the first UART 32 



and the second UART 34 or between the UART and a par- 
allel device such as a processor or a serial device such as 
a modem. The first UART 32 includes a first parallel port 
40 (electrically connected to the bus interface 14 within 
the UART 22 shown in Fig.l) and a first serial port 
38(electrically connected to the transceiver 18 within the 
UART 22 shown in Fig.l); the second UART 34 includes a 
second parallel port 42 and a second serial port 44. The 
control by the control unit 36 on the connection between 
the first UART 32 and the second UART 34 or between the 
UART and other parallel or serial devices is described in 
the following. 

[0024] As mentioned above, the UART 22 shown in Fig.l includes 
six 8-bit registers 12 for storing the control and status 
information. The UART 22 receives or transmits data ac- 
cording to the control and status information stored in the 
registers 12. The six registers are: an XMITDT register for 
storing 8-bit data to be transmitted by the transceiver 18, 
a RECVDT register for storing 8-bit data received by the 
transceiver 18, a DIVMSB register and a DIVLSB register for 
cooperatively storing a 16-bit (8 bits plus 8 bits) baud 
rate, a STATUS register for storing important information 
such as the current operation mode (transmitting or re- 



ceiving data) of the UART 22, and a CLRINT register for 
remarking whether the data transmission and reception of 
the UART 22 is completed or not. The initial four low bits 
of the UART 22 are in sequence: an XMIT bit (bit 0, LSB) 
representing that the UART 22 is transmitting (also called 
under data transmission status) frame data, an RECV bit 
(bit 1) representing that the UART 22 is receiving (also 
called under data reception status) frame data, a 
DONE.XMIT bit (bit 2) representing that the UART 22 has 
completed transmitting the frame data, and a DONE_RECV 
bit (bit 3) representing that the UART 22 has completed 
receiving the frame data. The serial/parallel data trans- 
former module (i.e. UART module 30) according to the 
present invention changes data transmission status be- 
tween the first UART 32 and the second UART 34 or be- 
tween the UART and other parallel or serial devices by 
changing the control and status information stored in the 
registers of the first UART 32 and the second UART 34. 
[0025] please refer to Fig. 3 showing a first state of a computer 
system 50 including the UART ASIC 30 according to the 
second embodiment of the present invention. The com- 
puter system 50 further includes a first processor 52, a 
first system bus 53 for electrically connecting the first 



processor 52 to the UART ASIC 30, a second processor 54, 
a second system bus 55 for electrically connecting the 
second processor 54 to the UART ASIC 30, a first serial 
device 56, and a second serial device 58. In the second 
embodiment, switches SW , SW , SW , SW , SW , SW , SW 

l' 2' 3' 4' 5' 6' 7 

in the control unit 36 connect respectively node a and c, 
node a and e, node b and d , node b and d , node A and 

2' 2' 

C, node B and E, node c and f. With this setup, the first 
processor 52 can exchange data simultaneously with the 
first serial device 56 and the second serial device 58 via 
the UART ASIC 30 while the second processor 54 is idle. 
When the first processor 52 transmits 8-bit data to the 
first serial device 56 and the second serial device 58, the 
lowest bit (XMIT bit) in the STATUS register of the six reg- 
isters within the first UART 32 and the second UART 34 of 
the UART ASIC 30 will be determined as "1". Of course, 
the 8-bit data will have an initial bit and an ending bit at- 
tached to transform it into frame data so that it can be 
transmitted to the first serial device 56 and the second 
serial device 58. In the case when the first processor 52 
receives frame data from the first serial device 56 and the 
second serial device 58, the RECV bit (bit 1) in the STATUS 
register will be determined as "1". 



[0026] | n the computer system 50, the first processor 52 and the 
second processor 54 can exchange data respectively with 
the first serial device 56 and the second serial device 58. 
Please refer to Fig. 4 showing a second state of the com- 
puter system 50 according to the second embodiment of 
the present invention. As shown in Fig. 4, the switches SW 
, SW , SW , SW , SW , SW , SW in the control unit 36 

1 2 3 4 5 6 7 

connect respectively node a and c, node a and d , node b 
and d 2> node b and e, node A and C, node B and E, node c 
and f. In this setup, the first processor 52 can exchange 
data with the first serial device 56 via the first UART 32 of 
the UART ASIC 30, and the second processor 54 can ex- 
change data with the second serial device 58 via the sec- 
ond UART 34 of the UART ASIC 30. By setting the value of 
the respective corresponding STATUS register in the first 
UART 32 and the second UART 34, the first processor 52 
and the second processor 54 can respectively transmit 
and receive data with the first serial device 56 and the 
second serial device 58. 
[0027] | n t he computer system 50 described above, the proces- 
sors (the first processor 52 and the second processor 54) 
exchange data with serial devices (the first serial device 
56 and the second serial device 58); however, data ex- 



change between the processors is also needed. Please re- 
fer to Fig. 5 showing a third state of the computer system 
50 according to the second embodiment of the present 
invention. In the computer system 50 shown in Fig. 5, the 
switches SW , SW , SW , SW , SW , SW , SW in the control 

l' 2' 3' 4' 5' 6' 7 

unit 36 connect respectively node a and c, node a and d^ 
node b and d^ node b and e, node A and D, node B and 
D, node c and f. In this setup, the first processor 52 can 
exchange data with the second processor 54 via the first 
UART 32 and the second UART 34 of the UART ASIC 30. 
When the first processor 52 transmits 8-bit data to the 
second processor 54, the lowest bit (XMIT bit) in the STA- 
TUS register of the six registers within the first UART 32 
will be determined as "1" in order to send out the frame 
data transformed from the 8-bit data, and the RECV bit 
(bit 1) in the STATUS register of the six registers within 
the second UART 34 will be determined as "1" in order to 
receive the frame data from the first UART 32 (essentially, 
connecting the Tx end of the first UART 32 for transmit- 
ting data with the Rx end of the second UART 34 for re- 
ceiving data). In the case when the second processor 54 
transmits 8-bit data to the first processor 52, the lowest 
bit (XMIT bit) in the STATUS register of the six registers 



within the second UART 34 will be determined as "1" in 
order to send out the frame data transformed from the 
8-bit data and the RECV bit (bit 1) in the STATUS register 
of the six registers within the first UART 32 will be deter- 
mined as "1" in order to receive the frame data from the 
second UART 34. 

[0028] please refer to Fig. 6 showing the connection between the 
first processor 52, the second processor 54, the first 
UART 32, and the second UART 34 in the third state of the 
computer system 50 shown in Fig. 5. As shown in Fig. 6, 
the first UART 32 is controlled to respectively connect to 
the second UART 34 as a TX, RX, CTS, RTS, DSR, and DTR. 
That is, when the first processor 52 transmits 8-bit data 
to the second processor 54, the first UART 32 functions as 
a transmitter (TX), and the second UART 34 functions as a 
receiver. When the second processor 54 transmits 8-bit 
data to the first processor 52, the first UART 32 functions 
as a receiver (RX), and the second UART 34 functions as a 
transmitter (RX). 

[0029] The first serial device 56 and the second serial device 58 
in the computer system 50 can also exchange data with 
each other. Please refer to Fig. 7 showing a fourth state of 
the computer system 50 according to the second embodi- 



ment of the present invention. In the computer system 50 
shown in Fig. 7, the switches SW , SW , SW , SW , SW , SW 

a l' 2' 3 4' 5 

g , SW 7 in the control unit 36 connect respectively node a 
and d , node a and d , node b and d , node b and d , 

2 2 2 2 

node A and C, node B and E, node c and e. In this setup, 
the first serial device 56 can exchange data with the sec- 
ond serial device 58 via the first UART 32 and the second 
UART 34. When the first serial device (host) 56 transmits 
frame data to the second serial device 58, the RECV bit 
(bit 1) in the STATUS register of the six registers within 
the first UART 32 will be determined as "1" in order to re- 
ceive the frame data from the first serial device 56, and 
the lowest bit (XMIT bit) in the STATUS register of the six 
registers within the second UART 34 will be determined as 
"1" in order to send out the frame data (transformed from 
8-bit data which is transformed from the frame data by 
the first UART 32) to the second serial device 58. The 
same procedure applies in the case that the second serial 
device 58 transmits frame data to the first serial device 
56. 

[0030] | n the computer system 50 shown in Fig. 5, the first pro- 
cessor 52 and the second processor 54 is assumed to 
have the same operational voltage. However, in some 



computer systems having two processors, the operational 
voltage of the two processors may not be the same, 
meaning that data cannot be exchanged between two 
processors. Please refer to Fig. 8 showing a status of a 
computer system 80 according to the third embodiment 
of the present invention. A third processor 82 and a 
fourth processor 84 in the computer system 80 have dif- 
ferent operational voltages (e.g. the operational voltage of 
the third processor 82 is 2.5v, and the operational voltage 
of the fourth processor 84 is 3.3v). The computer system 
80 also includes a first serial device 56, a second serial 
device 58, a first system bus 53, a second system bus 55, 
and a UART ASIC 90. Being different from the UART ASIC 
30 shown in Fig. 2, the UART ASIC 90 includes not only the 
first UART 32, the second UART 34, and a control unit 96 
(the control unit 96 is different from the control unit 36 in 
that node e of the control unit 36 is replaced by node e 
i and e 2 in the control unit 96), but also a level shifter 98 
electrically connected to node e . When switches SW , SW 
, SW , SW , SW , SW , SW in the control unit 96 connect 

2 3 4 5 6 7 

respectively node a and c, node a and d , node b and d^, 

node b and e , node A and D, node B and D, node c and f; 
l 

the level shifter 98 converts the frame data output by the 



third processor 82 into a predetermined voltage. Then the 
first UART 32 transmits the converted frame data to the 
second UART 34 and the control unit 96. Afterwards, the 
level shifter 98 converts it into voltage level of the fourth 
processor 84. The same procedure applies when the 
frame data is output by the fourth processor 84 instead of 
the third processor 82. In such a manner, even if the op- 
erational voltages are different, the third processor 82 and 
the fourth processor 84 in the computer system 80 can 
exchange data. 

[003 1 ] In the UART ASIC 90 shown in Fig. 8, the level shifter 98 is 
located outside of the first UART 32 and the second UART 
34. Of course though, the level shifters in the serial/ 
parallel data transformer module according to the present 
invention can be respectively installed in the first UART 32 
and/or the second UART 34. 

[0032] | n contrast to the prior art, the serial/parallel data trans- 
former module according to the present invention can al- 
low the following: a single processor to exchange data 
with two serial devices simultaneously, each processor to 
exchange data with a different serial device simultane- 
ously, two processors to exchange data with each other, 
and two serial devices to exchange data with each other. 



Moreover, even two processors having different opera- 
tional voltages can exchange data with each other by con- 
verting the level of the frame data transmitted or received 
by the two processors by means of the level shifter. 
[0033] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



